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(54) Polymeric fluorescent substance, production process thereof and organic 
electroluminescence device 

(57) Disclosed in this specification is a polymeric 
fluorescent substance which emits a fluorescence in a 
solid state, contains at least one kind of repeating unit 
represented by the following formula (1) with the 
amount of the formula (1) repeating units being at least 
50 mole % based on the total repeating units, and has a 
polystyrene-reduced number-average molecular weight 
of 10 3 -10 7 , characterized in that it has a monofunctfonal 
group represented by the following formula (2) at at 
least one terminal of the molecule: 



-Ar 1 -CR 1 =CR 2 - 



(D 



[wherein A^ is an arylene group or a heterocyclic com- 
pound group having 4-20 carbon atoms taking part in 
conjugated bonds; R n and R 2 each are independently a 
group selected from the group consisting of a hydrogen 
atom, an aikyi group of 1-20 carbon atoms, an aryl 
group of 6-20 carbon atoms, a heterocyclic compound 
group of 4-20 carbon atoms and a cyano group]; 



-CR 3 =CR 4 -Ar 2 



(2) 
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[wherein Ar 2 is an aryl group or a heterocyclic com- 
pound group having 4-50 carbon atoms taking part in 
conjugated bonds; R 3 and R4 each are independently a 
group selected from the group consisting of a hydrogen 
atom, an alkyl group of 1-20 carbon atoms, an aryl 
group of 6-20 carbon atoms, a heterocyclic compound 
group of 4-20 carbon atoms and a cyano group]. 
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Description 

The present application relies for priority upon the inventors' Japanese Patent Application Nos. 07-014963 filed 
February 1 , 1 995 and 07-1 21303 filed May 1 9, 1 995, the content of which is herein incorporated by reference. 

The present invention relates to a polymeric fluorescent substance, a process for producing it, and organic electro- 
luminescence devices (which may hereinafter be referred to as organic EL devices) made by using said polymeric flu- 
orescent substance. More particularly, the present invention relates to a polymeric fluorescent substance having a 
strong fluorescence and soluble in solvents, a process for producing such a substance, and organic EL devices with 
high luminous efficiency and long service life made by using said polymeric fluorescent substance. 

inorganic electroluminescence devices (which may hereinafter be referred to as inorganic EL devices) using an 
inorganic fluorescent substance as the light emitting material have been applied to various uses, for example, as aflat 
light source for backlight of liquid crystal displays and various display devices such as flat panel display and the like, in 
these devices, however, a high-voltage alternating current has been required for driving the devices. 

As the improvements of these inorganic EL devices, there have been reported a device having a double-layer struc- 
ture comprising a laminate of a light emitting layer made of an organic fluorescent dye and a layer of an organic charge 
transport compound (US-A-4,539,507) and the devices using polymers as the light emitting material (WO-A-90/13148 
and EP-A-0443861). The electroluminescence devices using the organic materials have advantages, such as low-volt- 
age DC drive, high luminance and easy luminescence of a large number of colors, in comparison with the inorganic EL 
devices. 

Regarding the polymeric light emitting materials that have ever been reported, WO-A-90/1 3 1 48 discloses a thin f iim 
of poiy(p-phenylene vinyiene) obtained by forming a film of a soluble precursor on the electrode and subjecting it to a 
heat treatment to convert the precursor into a conjugated polymer. EP-A-0443861 illustrates conjugated polymers, such 
as poly-2,5-dialkoxy(p-phenylene vinyiene), having a salient feature that they are themselves soluble in solvents and 
make heat treatment unnecessary. 

As a polymer substituted at the terminal of the molecular chain, there has been reported poly(p-pheny!ene 
vinyiene) having a nitro group at the terminal (JP-A-04-1 03621). However, no disclosure is made on luminescent prop- 
erties or EL characteristics of this polymer. 

Among other proposed polymeric light emitting materials are a polymeric fluorescent substance containing both a 
conjugated segment and a non-conjugated segment in the molecule, and a poly-p-phenylene vinyiene derivative in 
which a cyano group is introduced into the vinyiene group (Nature, Vol. 365, p. 628, 1 993). As the polymeric fluorescent 
substances having both a conjugated segment and a non-conjugated segment in the molecule, there are known a ran- 
dom copolymer of a 2,5<limethoxy-p-phenylene ethylene and p-phenylene vinyiene (Nature, Vol. 356, p. 47, 1992) and 
a polymer in which phenylene vinyiene group and an aliphatic hydrocarbon group are coupled via an ether linkage 
(Macromolecules, Vol. 26, p. 1 1 88, 1 993). 

However, the heretofore proposed polyarylene vinyiene derivatives used for the organic EL devices have been pre- 
pared by polycondensing the Afunctional monomers making use of a reaction producing carbon-carbon double bonds. 
Hitherto, efforts have mainly been made for improving the luminescent properties of the polymeric fluorescent sub- 
stances by changing their repeating structural units, and there is available no report on the attempt for elongating the 
service life of the devices by changing the molecular structure of the polymeric fluorescent substances. Analysis of 
these polymeric fluorescent substances indicated that, in some cases, there remains a polymerizable group at the ter- 
minal of the molecule of the polymer obtained from polycondensation. The influence of the presence of such an active 
group at the polymer terminal is not known, but there is a possibility that the active terminal group might be activated in 
the organic EL device on electrification or emission of light to cause a change of the luminescent properties of the 
device. There has, however, been known no polymeric fluorescent substance whose terminal molecular structure has 
been converted into a stable one. Thus, a substance having high quantum yield of fluorescence and showing high lumi- 
nous efficiency and high stability when used for an organic EL device has been desired. 

An object of the present invention is to provide a polymeric fluorescent substance which is soluble in solvents and 
has high quantum yield of fluorescence and high stability; a process for producing such a polymeric fluorescent sub- 
stance; and organic EL devices with high luminous efficiency and long service life which can easily be produced using 
said polymeric fluorescent substance by coating. 

In view of the above situation, researches for the improvement of luminous efficiency and service life of the organic 
EL devices using a polymeric fluorescent substance for the light emitting layer have been made and found that a poly-' 
meric fluorescent substance having conjugated bonds in the main chain and also having an aryl group or a heterocyclic 
compound group at the terminal of the molecular chain shows a high quantum yield of fluorescence, that an organic EL 
device can easily be produced using said polymeric fluorescent substance by coating, and that this organic EL device 
has high luminous efficiency and long service life. The above finding has led to the completion of the present invention. 
The present invention includes the following embodiments. 
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(1) A polymeric fluorescent substance which emits a fluorescence in a solid state, contains at least one kind o 
repeating unit represented by the following formula (1). with the amount of the formula (1) repeating unite be.ng a 
M50 mole % based on L total repeating units, and has a polystyrene-reduced number-average molecular 
Shfof^-IO 7 , wherein said polymeric fluorescent substance has a monofunctional group represented by the 
following formula (2) at at least one terminal of the molecule: 



-Ar 1 -CR 1 =CR2- 



(D 



[wherein Ar n is an arylene group or a heterocyclic compound group having 4-20 carbon atoms taking part in con- 

^ S^ iyl group of 1-20 carcon atoms, an aryl group of 6-20 carbon atoms, a heterocyclic compound 
group of 4-20 carbon atoms and a cyano group]; 

-CR 3 =CR 4 -Ar 2 ( 2 ) 

therein Ar 9 is an aryl group or a heterocyclic compound group having 4-50 carbon atoms taking part in conjugated 
Londs aXTrS R 4 each represent independently a group selected from the group consishng of a hydrogen 
atom anSkyl gmup of 1-20 carbon atoms, an aryl group of 6-20 carbon atoms, a heterocychc compound group of 

vlT™£°«v^l pdylic fluorescent substance set forth in (1). which comprises polymery at 
feaione monomer repres^eSby the fol.owing formula (3) to obtain a pCymer. and reacting the resu.tmg polymer 
with a compound of the following formula (4): 

GrAri-Qz (3) 

rwherein An is an arylene group or a heterocyclic compound group having 4-20 carbon atoms taking part in con- 
ugS bonds and G, and G 2 each represent independently a group which includes a group selected from the 
Xp coSng of a hydrogen atom, an alky, group of 1-20 carbon atoms an aryl 
heterocyclic compound group of 4-20 carbon atoms and a cyano group, sa.d groups Q 1 and G 2 each formmg a car- 
go bon-carbon double bond in the polymerization]; 

Ga-Arz W 

[wherein Ar 2 is an arylene group or a heterocyclic compound group having 4-50 carbon atoms .taking , pari t in the 
Egated bonds- and G 3 is a group which includes a group selected from the group cons.st.ng of a hydrogen 
anX gSp of 1-20 carbon atoms, an aryl group of 6-20 carbon atoms, a heterocyclic compound group of 
So 'camS Tatomsand a cyano group, said group G 3 being reacted with G, and/or G. in the formula (3) to form a 

S^^c^^lm^ncedevlce having a. .east a llgW erring layer betw f n the ele^co^g 
of one pair of an anode and a cathode, at least one of which electrodes is transparent or semrtransparent, wherern 
said light emitting layer comprises a polymeric fluorescent substance set forth in (1). 

FIG 1 is a graph showing change of luminance and voltage with time in consecutive drive of the organic electrolu- 
minesSncl device of Example 4 of the present invention at 2.5 mA/cm 2 . The solid port.on of each curve, covenng the 
^uTto S hourShe start of the drive, shows the measured value while the dash part covenng the penod 
from 500th to 1 ,000th hour is extrapolated to a straight line. 
The oresent invention is hereinafter described in detail, 

™e pofymeric fluorescent substance represented by the formula (1) according to the preserrt .nventm can £ 
obtained from a polycondensation reaction forming carbon-carbon double bonds. An .n the formula (1) is a brvalent 
^enf group ^heterocyclic compound group having 4-20 carbon atoms taking part in conjugated bonj^pn*- 
e S has al ^east one ring structure selected from the group consisting of a 6-mer^^ 
Z3££Z a 6-memLed ring consisting of carbon, hydrogen and nitrogen, and a 5-membered W 
Son hydrogen and at least one of oxygen, nitrogen and sulfur, or a condensed nng ^nta-rang ^"ng structure. 
The "condensed ring" refers to a combination of two or more rings sharing two or more atoms wrth each other 

SpeSt eSmSL of Ar, are bhralent aromatic compound groups represented by the followrng formulae (5). denv- 
at'rves thereof, and the groups comprising combinations of said groups: 
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R63 



R73 R74 

w 

R76 R75 



and 



Rso 



R77 R78 

w 

R79 



r,.,(w 0 ;n r to R™ are indeoendently a group selected from the group consisting of a hydrogen atom, a cyano group, 
Sa^SSS?^ -mon atoms, an aryi or aryioxy group of 6-18 carbon atoms, and a hetero- 

^l^^r^pr^TetS^ group. 4.4-biphenylene group. a.B-naphthyiene group. 9.10- 
mJSlSSSSSS^ group. 2 5-thienylene group, nuciear substitution derivatives ^ereot J*^™ 
12 -naSLenegroup. 2,6 pyridinediyl group. 2.4-quinolinediyl group and derivat.ves thereof. More preferable 
^^^l^T^H^ene group. 2.5-pyrainediyl group. 2.5-thienylene group. 1 ,3-phen^ne group. 
2 ipyridinSiyfSroSp. 2* -quinoiinediyl group, and derivatives thereof. One or more of these groups may be selected 

R and R, bondS to the vinylene groups in the repeating unit of the formula (1 ) are independently a group selected 
f rem «C2 consiSng of androgen atom, an alky, group of 1 -20 carbon atoms, an ary. group of 6-20 carbon atoms, 
p heterocyclic compound group of 4-20 carbon atoms and a cyano group. 

SSgrTol 1-20 oTrbon atoms include methyl group, ethyl group, propyl group butyl group pentyh group 
hexyrgmu^heptyrgroup. octy. group, decyl group, dodecyi group, etc. Of these, preferable are methyl group, ethy. 
orouD oentyl group, hexyl group, heptyl group and octyl group. „^ rma * nm ^ 

Kyi group Is edified by phenyl group. 4-C r C n4 alkoxyphenyl groups (C r C 14 refers to 1-14 carbon atoms). 
4-C r C 14 alkyiphenyl groups. 1-naphthyl group and 2-naphthyl group. 

The heterocyclic compound group is exemplified by 2-pyridyl group and 2-qurnolyl group 

Se nwSSSTSoupB Lt can be bonded to the terminal of the molecule of the polymenc fluorescent sub- 
stan^aStg S°ne preset invention are those represented by the formula (2) shown above. The polymenc ; fluo- 
rSt subsince of the present invention may contain a polymer having a terminal group of a structure other than that 
nfthP formulate) within limits not affecting the object of the present invention. 

orouo or a Sound group having 4-50 ca*on atoms taking part in conjugated bonds. Ar 2 preferably has 

I 3 on ^rSulre selected from the group consisting of a 6-membered ring consisting of carbon and hydrogen 

derivatives thereof: 
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Rss RS6 
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R85 R 89 R 92 

-R86 f — K X H*90 ,-rv R93 

R88 R87 R 91 R 94 

Rl03 Rl04 R no R 1H 

R102 -C >-Rio5 R109 -4 / Rl12 

"Rl06 ' {_/ Rl13 ' 

R117 ~a /— R114 




RlQ6 R107 



Rll8 R 119 



Rl26 




R 125 / \ Rl2 2 
Rl24 Rl23 



Rll6 R 115 

Rl28 Rl29 
Rl27 \—[ y R 130 

Rl31 

R 135 r~\ Rl32 

Rl34 R 133 
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R227 R 231 ^232 




[wherein R 80 to R 2g7 are independently a group selected from the group consisting of a hydrogen atom, a cyano group, 
an aikyi, alkoxyl or alkylthio group of 1-20 carbon atoms, an aryl or aryloxy group of 6-18 carbon atoms, and a hetero- 
cyclic compound group of 4-14 carbon atoms]. 
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Of these oreferable are phenyl group. 1-naphthyl group, 9-anthryl group. 2-pyridyl group. 2-thlenyl group oxadia- 



mff ?^ P R^L P to1h^ny.ene groups in the termina. group of the formula (2) are independen«y a group 

per^g^K oZ hepfy. group, octy. group, dec* grcup. dodecyl group, etc. Of these, preferable are methyl 
Sr °r a^^^Sr ^»-p. 4 - Cl -C 14 a^en, group, ,-naph- 

The arvloxv oroup of 6-20 carbon atoms is exemplified by phenoxy group. . , „ , 

Jne hXSic compound group is exemplified by 2-thienyl group. 2-pyrroiyl group. 2-furyl group and 2-. 3- or 4 
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these solvents in an amount of generally 0. i% by weight or more although the amount varies depending upon the struc- 
ture and molecular weight of the polymer. 

In manufacture of an organic EL device, when a film is formed from a solution using the polymeric fluorescent sub- 
stance soluble in these organic solvents, it is simply required to apply the solution and then dry it to remove the solvent. 
s This simple operation can also be applied when a charge transport material such as mentioned below is mixed in the 
fluorescent substance. 

The process for producing the polymeric fluorescent substance according to the present invention comprises the 
steps of synthesizing a polymer having a repeating unit of the formula (1) by a carbon-carbon double bond forming reac- 
tion, and then forming a terminal group of the formula (2). For the reaction for forming carbon-carbon double bonds in 
10 the present invention, there can be employed, for example, a Wittig reaction, a dehydrohalogenation process, a suifo- 
nium salt decomposition process and a Knoevenagel reaction. The above polymerization operation is carried out using 
one or more of the compounds having two polymerizable groups of the formula (3). 

and G 2 in the formula (3) are properly selected according to the reaction employed for forming carbon-carbon 
double bonds. 

15 In the Wittig reaction, for instance, a compound of the formula (3) wherein G 1 and G 2 are aldehyde groups and a 
compound in which G-] and G 2 are phosphonium salts are reacted. For example, a dialdehyde compound of the follow- 
ing formula (7) and a diphosphonium salt compound of the following formula (8) are reacted. Ar 3 and Ar 4 may be a 
same group or different groups, in case Ar 3 and Ar 4 are different groups, an alternating copolymer can be obtained. 
When using two or more types of dialdehyde compound and/or two or more types of diphosphonium salt compound, a 

20 copolymer containing all units generated from all of these monomers can be obtained. 

OHC-Ar 3 -CHO (7) 



25 

xr xr 

( C 6 H 5 ) 3 P + CH 2 -Ar 4 -CH 2 P + ( C 6 H 5 ) 3 ( 8 ) 

30 



[wherein Ar 3 and Ar 4 are each selected from the groups represented by Ar, in the formula (1) and X-," is a counter ion 
exemplified by halogenide ions, etc.], 
35 In the dehydrohalogenation process, an aromatic compound of the following formula (9) having the halogenated 
methyl groups attached to both ends is polycondensed: 

X 2 R 2 9 S HC-Ar 5 -CHR 299 X2 (9) 

40 [wherein Ar 5 is a group synonymous with the group represented by Ar n in the formula (1); X 2 is a halogen atom; and 
R 298 and R 299 are independently a group selected from the group consisting of a hydrogen atom, a cyano group, an 
alkyl group of 1 -20 carbon atoms, an aryl group of 6-18 carbon atoms and a heterocyclic compound group of 4-14 car- 
bon atoms]. 

In the sulfonium salt decomposition process, an aromatic compound of the following formula (1 0) having the sulfo- 
45 niurn salts attached to both ends is polycondensed: 

X 3 "R 30 oR30iS + R302HC-Ar 6 -CHR 3 o 3 S + R 3 o 4 R305X3 (10) 

[wherein Ar 6 is a group synonymous with the group represented by Ar 1 in the formula (1); X 3 is a halogen atom; R 302 
so and R 303 are independently a group selected from the group consisting of a hydrogen atom, a cyano group, an alkyl, 
alkoxyl or aikylthio group of 1-20 carbon atoms, an aryl or aryloxy group of 6-18 carbon atoms and a heterocyclic com- 
pound group of 4-1 4 carbon atoms; R 300 and R 30 i , and R 304 and R 305 are independently an alkyl group of 1 -1 0 carbon 
atoms, or R 300 and R 30 i, and R 304 and R 305 are independently a cycloalkyi group of 4 or more carbon atoms having a 
ring structure]. 

55 In the Knoevenagel reaction, a process similar to those described in J. Org. Chem., Vol. 25, p. 813 (1959); Makro- 
mol. Chem. Vol. 74, p. 71 (1964); etc., can be employed to obtain a copolymer. 

Specifically, a dialdehyde compound represented by the following formula (1 1 ) and a compound represented by the 
following formula (12) are polycondensed: 
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OHC-Ar r CHO 

RsosHaC-Arg-CHaRsov (12) 

rwherein Ar 7 and Ar 8 are independently a group synonymous with the group represented by Ar ; in the formula (1); and 
rjan^Rw independently a group selected from the group consisting of a hydrogen atom, a cyano group, an 
X aC or SUS group oM -2u carbon atoms, an ary. or aryloxy group of 6-1 8 carbon atoms, and a heterocychc 

'^SS^ZStt**^ -pound, for example. ^^^^Z 
ervmfina dialdehvde compound for example. 2.5-dioctyloxyterephthalaldehyde, are polymer.zed m an ethyl alco- 

SS^SSi^W^ are reacted, it is possible to obtain a copolymer of all unHs genera^ Mtan aj 
2 sS nSSnera Further, since each of the Wittig reaction and the Knoevenagel reaction can be conducted by using 
Sum Se or the like, a reaction using a dialdehyde compound(s), a dphcephonun compound(s) and a d.ace- 
tonitrile compound(s) in appropriate amounts can produce a copolymer of all of these monomers. 

ASeTZpoSerizaZ the active terminal group is reacted with a monofunctiona. compound ofjje formula » 
The orouc io, in the formula (4) is properly selected according to the reaction to be performed or. .n case two types of 
miS^m in^Tctional group are polycondensed, according to the amount of the monomers used .n the reac- 
™n T*e am!*** vSg reaction, because of the phosphonium salt or aldehyde term M an ald^e group or a 
^oJ^honium itt is selected as the group represented by G 3 in the formula (4). The term.nal is constituted by a halo- 

S me^ ■ Mm 53,1 aroup in *- suK ° ni um sa,t d r on r ,t,on n 

oroSS andan aSehyde group or an active methylene group (e.g. acetonrtrile group) in the Knoevenagel reaction so 
K graup reactive with the polymerization terminal in each process is selected as G 3 for reacting the compound of 

thS Reprocesses, the process using the Wrttig reaction or the Knoevenagel reaction is preferable in view of the 

re3 TprSe n ss 'foTthe^nthesis of an aryf ene vinylene copolymer, which is a typical example of polymeric fluorescent 

MMte and this salt is subjected to condensation with a dialdehyde compound « 
ormut m stmrturTfor example, terephthalaldehyde in ethyl alcohol in the presence of IrtNum ethoxjd , fc . obtonan 
arTene vinyVene copolymer. Wen two or more types of diphosphonium salt and/or two or more types of d.aldehyde 
prtmnnt inH arp rparted it is Dossible to obtain a copolymer of all of these monomers. 

^SSSSSi tSSm can be MM) the Wittig reaction by reacting > « hal^enat^ metinyl 
ITh^nn rfr^mulaTz/structure for example. 9-chloromethylnaphthalene. with tr.phenytphosph.ne .n N.N- 

is subjected to purification treatments such as reprecipitation. chromatographic separation, etc. 

tSSing lecture of the organic EL device produced by using the polymeric f luorescent substance^ of the 
oreseSnlon no specific restrictions are imposed and a known structure can be employed as long as a bgM emrt- 

of electrodes at least one of which is transparent or semitransparent. 

Samples o said structure include one in which a pair of electrodes are provided on both sries of the hgh emrtbng 
layer cS fsIng tite polymeric fluorescent substance or comprising a mixture of the polymery fluoresce* t stance 
and a *S transport material (which is a generic name for electron transport matena and hole fransport matenaJ) 
aS one fn whX an electron transport layer containing an electron transport material is lammated between a cathode 
a^rjttn^fl ta^ andJrTwhich a hole transport layer containing a hole transport mater.al is laminated 

of tw or moreTayers, all of which embodiments are embraced in the scope of the present .nvention. Further^ tight 

m^m in^Uon. suoh . serial * not sp^ed am. kno»n We s - b. ,n 
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the present invention. For example, as the hole transport material, there can be used pyrazoline derivatives, arylamine 
derivatives, stilbene derivatives, triphenyldiamine derivatives, etc. As the electron material, there can be used oxadia- 
zole derivatives, anthraquinodimethane and its derivatives, benzoquinone and its derivatives, naphthoquinone and its 
derivatives, anthraquinone and its derivatives, tetracyanoanthraquinodimethane and its derivatives, f luorenone deriva- 
tives, diphenyldicyanoethylene and its derivatives, diphenoquinone derivatives, metal complexes of 8-hydroxyquinoIine 
and its derivatives, etc. 

More concrete examples of these materials are shown in JP-A-63-70257, JP-A-63-1 75860, JP-A-2-1 35359, JP-A- 
2-135361 , JP-A-2-209988, JP-A-3-37992 and JP-A-3-152184. As the hole transport material, triphenyldiamine deriva- 
tives are preferably used, and as the electron transport material, oxadiazole derivatives, benzoquinone and its deriva- 
tives, anthraquinone and its derivatives, and metal complexes of 8-hydroxyquinoline and its derivatives are preferably 
used'. More specifically. 4,4'-bis(N-(3-methylphenyl)-N-phenylamino)-biphenyl is preferred as the hole transport mate- 
rial, and 2-(4-biphenylyl)-5-(4-t-butylphenyl)-1 ( 3 t 4-oxadiazole, benzoquinone, anthraquinone and tris(8-quinolinol)alu- 
minum are preferred as the electron transport material. 

In the present invention, one of these electron transport and hole transport compounds may be used, or both of 
electron transport and hole transport compounds may be used together. Also, these compounds may be used either 
singly or as a mixture of two or more of them. 

When a charge transport layer (which is a generic name for hole transport layer and electron transport layer) is pro- 
vided between a light emitting layer and an electrode, a charge transport material such as mentioned above is used sin- 
gly, or it is mixed with a binder polymer to form a charge transport layer. 

When a charge transport material is mixed in the light emitting layer, the amount thereof used varies depending 
upon the type of the compound used and other factors, so that it is properly decided considering these factors within 
such an amount range that the film-forming property and the luminous property of the compound are not impaired. Usu- 
ally, the charge transport material is used in an amount of 1 to 40% by weight, preferably 2-30% by weight based on the 
light emitting material. 

The light emitting material usable in admixture with a polymeric fluorescent substance of the present invention may 
be well-known ones in the art and is not specified; for example, the light emitting material. includes naphthalene deriv- 
atives, anthracene and its derivatives, perylene and its derivatives, dyes such as polymethine dyes, xanthene dyes, 
coumarin dyes, cyanine dyes, etc., metal complexes of 8-hydroxyquinoline and its derivatives, aromatic amines, tetra- 
phenylcyclopentadiene and its derivatives, tetraphenyibutadiene and its derivatives, and the like. Specifically, those dis- 
closed in JP-A-57-51 781 , JP-A-59-194393, etc. and known in the art can be used. 

The amount of the light emitting material used varies depending upon the type of the compound used and other 
factors, so that it is properly decided considering these factors within such an amount range that the film-forming prop- 
erty and the luminous property of the compound are not impaired. Usually, the light emitting material is used in an 
amount of 0.01 to 1 0% by weight, preferably 0.1 to 3% by weight based on the polymeric fluorescent substance. 

A typical process for producing an organic EL device using a polymeric fluorescent substance of the present inven- 
tion is described below. 

A pair of transparent or semi-transparent electrodes, consisting of an anode and a cathode, are provided on a 
transparent substrate made of glass, transparent plastic or the like. 

As the anode material, a conducting metal oxide film, a semi-transparent thin metallic film or the like is used. Spe- 
cifically, a film formed by using indium tin oxide (ITO), conductive glass made of tin oxide or the like (such as NESA). or 
a film of Au, Pt, Ag, Cu or the like is used. The film is formed by a known film forming technique such as vacuum dep- 
osition, sputtering, plating or the like. 

On this anode is formed a light emitting layer containing, as a light emitting material, the above-mentioned poly- 
meric fluorescent substance or said substance and a charge transport material. This light emitting layer can be formed 
by applying the light emitting material in the form of a melt, a solution or a mixed solution with a charge transport mate- 
rial by a known coating method such as spin coating, casting, dipping, bar coating, roll coating, gravure coating, micro- 
gravure coating, spray coating, die coating, screen printing, etc. It is, however, preferable to form a film by applying a 
solution or a mixed solution using such coating means as spin coating, casting, dipping, bar coating, roil coating, gra- 
vure coating, microgravure coating, spray coating, die coating or screen printing. 

The thickness of the light emitting layer is 1 nm to 1 m. preferably 2 to 500 nm. A thickness in the range of 5 to 
200 nm is preferred for achieving large current density and high luminous efficiency. When a thin film is formed by said 
coating method, the film is preferably dried by heating at 30-300°C, preferably 60-200°C, under reduced pressure or in 
an inert atmosphere for removing the solvent 

When said light emitting layer is laminated on a charge transport layer, it is preferable that a hole transport layer is 
formed on the anode before the light emitting layer is provided by the above coating method, and/or after the light emit- 
ting layer is provided, an electron transport layer is formed thereon. • 

The method for forming the charge transport layer is not specified in the present invention; for example, the charge 
transport layer may be formed by vacuum deposition of a charge transport material in a powdery form, or by applying 
a solution of said material by an appropriate coating method such as spin coating, casting, dipping, bar coating, roll 
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suspension by a suitable coating method such as spin coating, casting. d, PP .ng. bar coatmg, roll coating, gravure 
ing microgravure coating, spray coating, die coating or screen printing. 

L polymeric compound to be mixed is a binder polymer or a charge transporting polymeric axnpound. H snot 

'^"^^ conpound having a charge-transporting property are pdy(N- 

SZZSSZ Polyvinyl chloride, and polysiloxane, For forming the film, a coating method >s preferably employed 

Then an electrode is provided on the light emitting layer or electron transport layer. This ?~^ e * 
X ^e^Z film.Tacuum deposition, sputtering or other suitable techniques may be used for forming the 

' S ^^T»Jr^^ W -« » ' P*«r«-*»- nun*-*™, 

mc^^^^l-uni ty grf lorn**, chum^m* (GPO) uSng entaofom, « a Wmt 

Referential Example 1 
35 [Synthesis of polymeric fluorescent substance A] 

2 5-Dioctyloxy-p-xylene dichloride was reacted with triphenyiphosphine in N . N ^«^ 

^Se^Sng unhand its terminal structure of the polymeric fluorescent substance A are shown in the following 
so formula (13): 
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The polystyrene-reduced number-average molecular weight of the polymeric fluorescent substance A was 2.20 x 
10 3 . The number-average polymerization degree n as determined from the polystyrene-reduced number-average 
molecular weight was 4.5, which almost agreed with the value determined from the 1 H-NMR spectrum. 

Example 1 

Synthesis of polymeric fluorescent substance 1 

9-Chloromethylnaphthalene was reacted with triphenylphosphine in N t N-dimethylformamide to synthesize a phos- 
phonium salt. 2.24 parts by weight of the phosphonium salt and 2.00 parts by weight of the polymeric fluorescent sub- 
stance A obtained in Referential Example 1 were dissolved in toluene and ethanol. To the resulting solution was 
dropwise added an ethyl alcohol solution containing 0.80 parts by weight of lithium ethoxide. The mixture was polymer- 
ized at room temperature for 3 hours and allowed to stand overnight at room temperature. After adding ion exchange 
water and ethyl alcohol, the solution was concentrated and dissolved in toluene. To the solution was added ethyl alcohol 
for reprecipitation. The resulting precipitate was dried under reduced pressure to obtain 1.11 parts by weight of a poly- 
mer. This polymer is referred to as polymeric fluorescent substance 1. The repeating unit and its terminal structure of 
the polymeric fluorescent substance 1 are shown in the following formula (14): 



OC 8 Hi7 




The polystyrene-reduced number-average molecular weight of the polymeric fluorescent substance 1 was 2.56 
x 10 3 . The number-average polymerization degree n as determined from the polystyrene-reduced number-average 
molecular weight was 4.7. In the polymeric fluorescent substance 1, addition of a naphthyl group was confirmed from 
the absence of aldehyde signals on the 1 H-NMR spectrum. 

[Measurement of absorption spectrum and fluorescence spectrum and evaluation of quantum yield of fluorescence] 

The polymeric fluorescent substance 1 could easily be dissolved in chloroform. A 0.2% chloroform solution of this 
polymeric fluorescent substance was spin-coated on a quartz plate to form a thin film of said polymer. The ultraviolet- 
visible light absorption spectrum and fluorescence spectrum of this thin film were measured by Spectrophotometer UV 
365 of Shimadzu Seisakusho K.K. and Fluorospectrophotometer 850 of Hitachi Ud. The fluorescence spectrum of the 
film when excited at 410 nm was used for calculation of quantum yield of fluorescence. Intensity of fluorescence was 
obtained as a relative value determined by dividing the area of fluorescence spectrum plotted with abscissa used for 
wave number, by an absorbance at 410 nm. The fluorescence intensity of the polymeric fluorescent substance 1 was 
high as seen from Table 1. 
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Example 2 

[Synthesis of polymeric fluorescent substance] 

5 Synthesis, washing and reprecipitation were conducted in the same manner as in Example 1 effieptthat 2 14 parte 
by weSrt of a phosphonium salt obtained from 4-methoxybenzyl chloride instead of 9-chloromethylnaphthalene and 
S vmeric f luoScent substance A were dissolved in toluene alone, whereby 0.84 parts by weight of a po ymer was 
SSSer is referred to as polymeric fluorescent substance 2. The repeating unit and ,ts ™.^ucture 
of the polymeric fluorescent substance 2 calculated from the feed ratio of the monomers are shown .n the followmg for- 

10 mula (15): 

OC 8 Hi7 

H 3 CCH^^-CH=CH ■t^^-CH=CBh^^-CH=C^-^^-CH=CH-^^OCH 3 

C 8 Hi 7 0 

(15) 

The polystyrene-reduced number-average molecular weight of the polymeric fluorescent substance 2 was 2.51 
x 10 3 The number-average polymerization degree n as determined from the polystyrene-reduced number-average 
molecular weight was 4.7 In the polymeric fluorescent substance 2. addition of a methoxyphenyl group was conf ,rmed 
from the absence of aldehyde signals on the 1 H-NMR spectrum. 

[Measurement of absorption spectrum and fluorescence spectrum and evaluation of quantum yield of fluorescence] 

The fluorescence intensity of the polymeric fluorescent substance 2 was determined in the same manner as in 
30 Example 1 . It was high as seen from Table 1 . 

Comparative Example 1 

[Measurement of absorption spectrum and fluorescence spectrum and evaluation of quantum yield of fluorescence] 

The fluorescence intensity of the polymeric fluorescent substance A obtained in Referential! 
mined in the same manner as in Example 1 . The fluorescence intensity of the polymenc fluorescent substance A was 
Zefthan those of the polymeric fluorescent substances 1 and 2 of Examples 1 and 2 as seen from Table 1 . 

40 Referential Example 2 

[Synthesis of polymeric fluorescent substance B] 



■35 



45 



9 56 oarts by weight of the phosphonium salt obtained in Referential Example 1 and 1 .34 parts by weight of tereph- 
tha.STwe y « rdissdv^in'chloroform. To the solution was dropwise added an ethyl alcohol soluton coning 
1 1 paTby weight of lithium ethoxide. The mixture was polymerized at room temperature for 3 hours and allowed to 
ISverriaW a?room temperature After adding ion exchange water and ethyl alcohol, the solution was concentrated 
SSSSh ^SSriST^S was atted to the solution for reprecipitation. The resulting preciptate was 
^S^SS^ to obtain 4.20 parts by weight of a polymer. This polymer is referred to as polymenc flu- 



so orescent substance B. 



55 



^NMR spectrum of the polymeric fluorescent substance B showed faint presence of aldehyde signals. 
The r^eSno unit and itsterminal structure of the polymeric fluorescent substance B were the same as those of 
the .SymScSeSnUubstance A shown in the formula (13). but the polystyrene-reduced number-average molec- 
ular St of tTp^er^fluorescent substance B was 9.90 x 10*. The number-average polymenzahon degree n o 
me poSeric fTuoSnt substance B as determined from the polystyrene-reduced number-average molecular we.ght 



was 21.1. 
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Example 3 

[Synthesis of polymeric fluorescent substance 3] 

5 Synthesis, washing and reprecipitation were conducted in the same manner as in Example 1 using 0.50 parts by 

weight of a phosphonium salt obtained from 9-chloromethy!naphthalene and 0.45 parts by weight of the polymeric flu- 
orescent substance B, whereby 3.49 parts by weight of a polymer was obtained. This polymer is referred to as poly- 
meric fluorescent substance 3. The repeating unit and its terminal structure of the polymeric fluorescent substance 3 
were the same as those of the polymeric fluorescent substance 1 shown in the formula 14. 

io The polystyrene-reduced number-average molecular weight of the poiymeric fluorescent substance 3 was 1 . 1 4 x 
10 4 The number-average polymerization degree n as determined from the polystyrene-reduced number-average 
molecular weight was 23.7. The absence of aldehyde signals on the 1 H-NMR spectrum confirmed addition of a naphthyl 
group. 

15 [Measurement of absorption spectrum and fluorescence spectrum and evaluation of quantum yield of fluorescence] 

The fluorescence intensity of the polymeric fluorescent substance 3 was determined in the same manner as in 
Example 1 . It was strong as seen from Table 1 . 

20 Comparative Example 2 

[Measurement of absorption spectrum and fluorescence spectrum and evaluation of quantum yield of fluorescence] 

The fluorescence intensity of the poiymeric fluorescent substance B was determined in the same manner as in 
25 Example 3. it was lower than that of the polymeric fluorescent substance 3 of Example 3 as seen from Table 1 . 



Table 1 





Quantum yield of 
fluorescence 
(arbitrary unit) 


Polymeric fluorescent substance 1 


20.3 


Polymeric fluorescent substance 2 


14.2 


Polymeric fluorescent substance A 


8.7 


Polymeric fluorescent substance 3 


8.5 


Polymeric fluorescent substance B 


4.9 



Referential Example 3 
45 [Synthesis of polymeric fluorescent substance C] 

In an ethanol/chloroform mixed solvent were dissolved 9.56 parts by weight of the phosphonium salt obtained in 
Referential Example 1 . 0.6 parts by weight of isophthalaldehyde and 0.6 parts by weight of terephthalaidehyde. To this 
solution was dropwise added an ethyl alcohol solution containing 1 .08 parts by weight of lithium ethoxide. The mixture 
so was polymerized at room temperature for 3 hours and allowed to stand overnight at room temperature. Ion exchange 
water and ethyl alcohol were added to the solution to cause precipitation. The precipitate was dissolved in chloroform, 
and ethyl alcohol was added to the solution for reprecipitation. The resulting precipitate was dried under reduced pres- 
sure to obtain 2.37 parts by weight of a polymer. This polymer is referred to as polymeric fluorescent substance C. 

The repeating units of the polymeric fluorescent substance C are shown in the following formulae (16) and (17), and 
55- the terminal structure of the repeating units is shown in the following formula (1 8). Because of the starting materials and 
the reaction mechanism, the aldehyde group of the terminal structure is not bonded to a vinylene group of the formula 
(16) or (17) but is bonded to a phenyl group. 
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OC 8 H x7 

CH=CH ^ = ^-CH=CH-4- < 16 ) 

C 8 Hi 7 0 



OC 8 Hi7 

jf^f"~ CH=CH ^^-CH=CH-)— ( 17 ) 

C 8 Hi 7 0 



-CHO < 18 > 

Example 4 

[Synthesis of polymeric fluorescent substance 4] 

Referential Example 1. 0.6 parts by weight ° ^^^^^^^Je^o^. and the mix- 
solution was dropwise added an ethyl alcohol solution conta.n,ng 1 ;^^ o ° y *^ taining , 8 ^ by wei ght of 1 - 
tare was po.ymerized. To the reaction ^"^^ The 
pyrenecarba.dehyde, and^ en add^an e^ 

mixture was polymenzed at room te ^^ 0 ^ mixed solvent and further with eth- 

4 w»e determined lo be as shown £ """""^^J^™ °™ <luOTes oont substance 4 as dolor- 

^^^^.^^^^^^^^^^ 
tion spectrum and 1 H-NMR. 

[Manufacture and evaluation of EL device] 
IcemscMonotpdyCN-*^^ 

Hrereon was spirvcoated a ^„ to ' u ^£^ ttls(8^wlnol)tf u- 

tWckflm. Thacoannafflmwasdnedniyacuo at 150 0*t«ltaJ^ layTusdyTan alumnum-liMum alio, 

££££1 MtV ™ WM. - ^^~,^Sa «1 «*» and «. 

When «. device was ■fog""* J"T *J S^T£X 1 1-3 V and 0. luminunc. reduced 
nance were 8.3 V and S3 cd/rrr 2 , respectively, but 200 l™nsW"V dr0 ™d to 138 od/rrf. When the data 
,0 165 edmA and 500 boo™ km the oohage «- «» Vr £££££ "'Xsnthn*: «c* the decree*, 
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The service life was estimated by extrapolating the linear portion of the drop of luminance on the logarithmic scale and 
measuring the time when the luminance dropped to the half of the initial luminance. The service life was estimated to 
be approximately 1,000 hours. 

s Comparative Example 3 

[Manufacture and evaluation of EL device] 

An EL device was manufactured in the same manner as in Example 4 except that the polymeric fluorescent sub- 
10 stance C was used in place of the polymeric fluorescent substance 4. When a voltage of 10.3 V was applied to this 
device, a flow of electricity with a current density of 2.5 mA/cm 2 was induced and a yellowish green electrolumines- 
cence with a luminance of 170 cd/m 2 was observed. In this case, the luminous efficiency was 6.8 cd/A. The luminance 
was almost proportional to the current density. 

When this device was continuously driven at a constant current density of 2.5 mA/cm 2 , the initial luminance was 
15 1 70 cd/m 2 , but 150 hours later, it reduced by half. 



Table 2 



20 




Voltage (V) 


Current den- 
sity (mA/cm 2 ) 


Luminance (cd/m 2 ) 


Luminous effi- 
ciency (cd/A) 


Service life (hr) 




Polymeric fluores- 
cent substance 4 


8.2 


2.5 


233 


9.32 


1000 


25 


Polymeric fluores- 
cent substance C 


10.0 


2.5 


170 


6.80 


150 



As is seen from the above results, the organic EL device manufactured using the polymeric fluorescent substance 
30 4 of Example 4 showed better EL characteristics, such as far higher luminous efficiency and longer service life, than the 
organic EL device made by using the polymeric fluorescent substance C of Comparative Example 3. 

Example 5 

35 [Synthesis of polymeric fluorescent substance 5] 

The procedure of Example 4 was carried out except that 1 .61 parts by weight of 9-anthraldehyde was used in place 
of 1 -pyrenecarbaldehyde to obtain 1 .5 parts by weight of a polymeric fluorescent substance 5. 

The repeating units of the polymeric fluorescent substance 5 as assumed from the type of the monomers fed and 
40 the reaction procedure were as shown in the formulae (16) and (17) and their terminal structure was 9-anthryl. 

The polystyrene-reduced number-average molecular weight of the polymeric fluorescent substance 5 as deter- 
mined by GPC was 2.7 x 1 0 3 . The structure of the polymeric fluorescent substance 5 was confirmed by the IR absorp- 
tion spectrum and 1 H-NMR. 

45 [Manufacture and evaluation of EL device] 

When this device was drived at a constant current density of 2.5 mA/cm 2 , the initial luminance was 82.5 cd/m 2 . The 
reducing rate of luminance diminished with time. The service life was estimated to be approximately 600 hours from the 
same method of estimation as used in Example 4. 

50 

Example 6 

[Synthesis of polymeric fluorescent substance 6] 

55 The procedure of Example 4 was followed except for use of 2-f luorenecarbaldehyde in place of 1 -pyrenecarbalde- 
hyde to obtain a polymeric fluorescent substance 6. 

The 1 H-NMR spectrum of the polymeric fluorescent substance 6 showed no signals specific to the aldehyde group. 

The repeating units of the polymeric fluorescent substance 6 assumed from the monomer feed rate and the reac- 
tion procedure were as shown in the formulae (16) and (17) and their terminal structure was 2-fluorenyL 
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The polystyrene-reduced number-average molecular weight of the polymeric ^^"^^^.^^ 
mined by GPCwas 3.0 x 10 3 . The structure of the polymeric fluorescent substance 6 was conf ,rmed by the IR absorp 
tion spectrum and 1 H-NMR. 

5 [Manufacture and evaluation of EL device] 

An organic ELdevice was manufactured in the same manner as in Example 4 except for use of the polymeric flu- 

W lowSrate of Linance lessened with time. The service life was estimated to be approx-mately 250 hours from the 
same method of estimation as used in Example 4. 

Example 7 

15 [Synthesis of polymeric fluorescent substance 7] 

The procedure of Examp.e 4 was repeated except for use of 2-quinolinecarbaldehyde in place of 1-pyrenecarbald- 

52 ret Sng SnToHhl ^yme'ric f .uorescent substance 7 assumed from the starting materia s and the reacton 

mineTby G?^was %.o x 10 3 . The structure of the polymeric fluorescent substance 7 was confirmed from the IR 
absorption spectrum and 1 H-NM R. 

[Manufacture and evaluation of EL device] 

An organic EL device was manufactured in the same manner as in Example 4 except for use of the polymeric flu- 

,owZ^ oS^ce .essened with time. The service life was estimated to be approx,mate«y 200 hours from the 
same method of estimation as used in Example 4. 

Example 8 

[Synthesis of polymeric fluorescent substance 8] 

minX GPCwas 4.0 x 10 3 . The structure of the polymeric fluorescent substance 8 was confirmed from the IR 
45 absorption spectrum and 1 H-NM R. 

[Manufacture and evaluation of EL device] 

An organic EL device was manufactured in the same manner as in Example 4 except for use of the polymeric flu- 

iowering rate of luminance lessened with the elapse of time. From the same method of estimaton as used in Example 
4, the service life of the device was estimated to be approximately 350 hours. 
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Table 3 





Current density (mA/cm 2 ) 


Luminance (cd/m 2 ) 


Service life (hr) 


Polymeric fluorescent substance 5 


2.5 


82.5 


600 


Polymeric fluorescent substance 6 


2.5 


171 


250 


Polymeric fluorescent substance 7 


2.5 


132 


200 


Polymeric fluorescent substance 8 


2.5 


187 


350 


Polymeric fluorescent substance C 


2.5 


170 


150 



As is seen from the above results, any of the organic EL devices manufactured by using the polymeric fluorescent 
substances 5-8 of Examples 5-8 showed better EL performances, such as longer service life, than the organic EL 
device using the polymeric fluorescent substance C of Comparative Example 3. 

Example 9 

[Synthesis of polymeric fluorescent substance 9] 

The procedure of Example 4 was followed except that 1.2 parts by weight of terephthalaldehyde alone was used 
instead of using terephthalaldehyde and isophthalaldehyde to obtain 2.0 parts by weight of a polymeric fluorescent sub- 
stance 9 

The repeating unit of the polymeric fluorescent substance 9 assumed from the starting materials and the reaction 
mechanism was as shown in the formula (16) and its terminal structure was 1 -pyrenyl. 

The polystyrene-reduced number-average molecular weight of the polymeric fluorescent substance 9 as deter- 
mined by GPC was 2.6 x 10 3 . The structure of the polymeric fluorescent substance 9 was confirmed from the lR 
absorption spectrum and 1 H-NMR. 

[Manufacture and evaluation of EL device] 

An organic EL device was manufactured in the same manner as in Example 4 except for use of the polymeric flu- 
orescent substance 9 in place of the polymeric fluorescent substance 4. 

When this device was driven at a constant current density of 2.5 mA/cm 2 , the initial luminance was 149 cd/nr . The 
lowering rate of luminance lessened with the elapse of time. The service life was estimated to be approximately 1,000 
hours from the same method of estimation as used in Example 4. 



Example 10 

[Synthesis of polymeric fluorescent substance 1 0] 

The procedure of Example 9 was followed except for use of 1.06 parts by weight of 4-methoxybenzaldehyde in 
place of 1 -pyrenecarbaldehyde to obtain 1 .2 parts by weight of a polymeric fluorescent substance 10. 

The 1 H-NMR spectrum of the polymeric fluorescent substance 10 showed no signals specific to the aldehyde 
group. 

The repeating units of the polymeric fluorescent substance 10 assumed from the starting materials and the reac- 
tion mechanism were as shown in the formula (1 6), and their terminal structure was 4-methoxyphenyi. 

The polystyrene-reduced number-average molecular weight of the polymeric fluorescent substance 10 as deter- 
mined by GPC was 4.0 x 10 3 , The structure of the polymeric fluorescent substance was confirmed from the IR absorp- 
tion spectrum and 1 H-NMR. 

[Manufacture and evaluation of EL device] 

An organic EL device was manufactured in the same way as in Example 4 except for use of the polymeric fluores- 
cent substance 10 in place of the polymeric fluorescent substance 4. 
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When this device was driven at a constant current density of 2.5 ^^^t^^^^^if^ 
towering rate of luminance lessened with the elapse of time. The service life of the dev,ce was eshmated to be approx- 
imately 400 hours from the same method of estimation as used in Example 4. 

5 Comparative Example 4 

[Manufacture and evaluation of EL device] 

An organic EL device was manufactured in the same manner as in Example 4 except for use of the polymeric f lu- 

.owlg^ 

imately 300 hours from the same method of estimation as used in Example 4. 
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Table 4 










Current density (mA/crn^) 


Luminance (cd/m 2 ) 


Service life (hr) 




Polymeric fluorescent substance 9 


2.5 


149 


1000 


20 


Polymeric fluorescent substance 10 


2.5 


180 


400 




Polymeric fluorescent substance B 


2.5 


172 


300 



25 



30 



As is seen from the above results, any of the organic EL devices manufactured by using the polymeric ^orescent 
subs^i 9-10 of Examples 9-10 showed better EL performances, such as longer serv.ce life, than the organ.c EL 
Hpw-p usina the polvmeric fluorescent substance B of Comparative Example 4. 

Z^TJc^^ substance according to the present invention has a sfrong 
orgarfc sKs and also has excellent stability, so that it can be used as a light emitting matenal for the orgamc EL 

deVfe "e iS^^Xle polymeric fluorescent substance of the present invention are easy to manufac- 
tured T^MMM property and also have a long life, so that they can be favorably used, for example, 
as a SSSm backlight of £ Jd crysta. displays and various display devices such as flat panel d.splay. 

35 Claims 

1. A polymeric fluorescent substance which emits fluorescence in the solid state, comprising at least one kind of a 
repeating unit represented by the following formula (1): 

-ArrCR^CRz- (1) 

wherein An is an arylene group or a heterocyclic compound group having 4-20 carbon atoms taking part in 
conjugal RnTnd R 2 are'eacS independent a group selected from a hydrogen atonv anaW group of 1^ 
20 cW atoms, an aryl group of 6-20 carbon atoms, a heterocyclic compound group of 4-20 carbon atoms and 
a cyano group ^ ^ ^ ^ ^ being at |east 50 ^ % based on the total repeating 

units, and a monofunctional group represented by the following formula (2): 

-CR 3 =CR 4 -Ar 2 @) 

wherein Ar, is an aryl group or a heterocyclic compound group having 4-50 ca«bon atoms taking part in con- 
• R ar^ Z are each (independently a group selected from a hydrogen atom, an alkyl group of 1-20 

^^m^^^X^. * hSrocycfic compound group of 4-20 carbon atoms and a 

cyano group ^ ^ ^ ^ ^ ^ g polystyrene . reduced number-average molecular 

weight of 10 3 -10 7 . 

2 A process for producing a polymeric fluorescent substance of Claim 1 . which comprises polymerizing at least one 
monomer represented by the following formula (3) to obtain a polymer: 
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G r Ar r G 2 ( 3 ) 

wherein Ar 1 is an aryiene group or a heterocyclic compound group having 4-20 carbon atoms taking part in 
conjugated bonds; G 1 and G 2 are each independently a group which includes a group selected from the group con- 
sisting of a hydrogen atom, an alkyi group of 1 -20 carbon atoms, an aryi group of 6-20 carbon atoms, a heterocyclic 
compound group of 4-20 carbon atoms and a cyano group, said groups G n and G 2 each forming a carbon-carbon 
double bond in the polymerization 

and reacting the obtained polymer with a compound of the following formula (4): 

G 3 -Ar 2 ( 4 > 

wherein Ar 2 is an aryl group or a heterocyclic compound group having 4-50 carbon atoms taking part in con- 
jugated bonds; G 3 is a group which includes a group selected from a hydrogen atom, an alkyi group of 1 -20 carbon 
atoms, an aryl group of 6-20 carbon atoms, a heterocyclic compound group of 4-20 carbon atoms and a cyano 
group,' said group Gg being reacted with G 1 and/or G 2 of the formula (3) to form a carbon-carbon double bond. 

3 An organic electroluminescence device comprising a pair of electrodes consisting of an anode and a cathode at 
least one of which electrodes is transparent or semitransparent and at least a light emitting layer between said elec- 
trodes, said iight emitting layer comprising a polymeric fluorescent substance of Claim 1 . 

4. An organic electroluminescence device according to Claim 3, wherein a layer comprising an electron transport 
compound is provided between the cathode and the light emitting layer in adjacency to the light emitting layer. 

5. An organic electroluminescence device according to Claim 3, wherein a layer comprising a hole transport com- 
pound is provided between the anode and the light emitting layer in adjacency to the light emitting layer. 

6. An organic electroluminescence device according to Claim 3, wherein a layer comprising an electron transport 
compound is provided between the cathode and the light emitting layer in adjacency to the light emitting layer, and 
a layer comprising a hole transport compound is provided between the anode and the light emitting layer in adja- 
cency to the light emitting layer. 
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